The adrenal glands are endocrine glands located close to the anterior pole of the kidneys that produce a variety of hormones including adrenaline and the steroids aldosterone and cortisol^[@r1]^. Reports on congenital lesions in adrenal glands of young rodents have been limited to the accessory adrenocortical tissue and cyst^[@r2],[@r3],[@r4]^. Adrenocortical dysplasia characterized by disordered morphogenesis of the adrenal cortex, which is caused by spontaneous autosomal recessive mutation, has also been reported in DW/J inbred mice^[@r5]^. The present report describes an adrenal dysplasia in which developmental abnormality was observed in the adrenal gland of a young Crl:CD(SD) rat. To the best of our knowledge, this is the first report to describe dysplasia in rat adrenal glands.

A six-week-old male Crl:CD(SD) rat (Charles River Laboratories Japan, Inc., Kanagawa, Japan), which was assigned to a vehicle control group, was sacrificed at the end of a four-day repeated-dose oral toxicity study. The rat was housed in a plastic cage in an environmentally controlled room (room temperature, 23 ± 3°C; relative humidity, 30--60%; lighting cycle, 12 h light/12 h dark) and supplied a pellet diet and tap water ad libitum. All experimental procedures were conducted after the study was approved by the Institutional Animal Care and Use Committee at Shionogi Pharmaceutical Research Center.

Macroscopic changes were not detected in any organs including the adrenal glands. The adrenal glands of the rat were fixed in 10% neutral buffered formalin and embedded in paraffin. A 3-µm section of the adrenal gland was stained with hematoxylin and eosin using a routine method. Chromogranin A, neuronal nuclear antigen (NeuN), steroidogenic factor-1 (SF-1), nestin, and Ki-67 were selected for immunohistochemical study. The immunohistochemical staining conditions are detailed in [Table 1](#tbl_001){ref-type="table"}Table 1.Immunohistochemical Methods for the Analysis of Adrenal Dysplasia. Briefly, sections of adrenal glands were deparaffinized, hydrated, and blocked for endogenous peroxidase. Heat-induced epitope retrieval was performed for all antibodies except NeuN. Primary antibodies were incubated with the tissue samples overnight at 4°C. Next, the sections were incubated with a horseradish peroxidase-conjugated polymer (Histofine Sample Stain MAX-PO; Nichirei Biosciences, Tokyo, Japan) as the secondary antibody. For visualization, the sections were incubated with 3,3′-diaminobenzidine solution (Histofine SAB-PO \[M\] kit, Nichirei Biosciences) and then counterstained with hematoxylin.

Microscopically, a localized lesion composed of mildly vacuolated adrenal fasciculata cells with a slightly disturbed cord structure was observed in a unilateral adrenal gland, where the lesion was slightly compressing the surrounding tissue ([Fig. 1A and B](#fig_001){ref-type="fig"}Fig. 1.Hematoxylin and eosin staining of dysplasia in the adrenal gland. A localized lesion composed of mildly vacuolated adrenal fasciculata cells was observed in a unilateral adrenal gland, where the lesion was slightly compressing the surrounding tissue (A and B). The lesion contained two areas with high cell density: one in the subcapsular region and one adjacent to the medulla (A). The area with high cell density adjacent to the medulla consisted of small cells with a round nucleus and acidophilic cytoplasm and cells with a spindle to polygonal shape, clear nucleus, and cytoplasm with an obscure boundary (C). The area with high cell density in the subcapsular region mainly consisted of the latter cell type (D). NA, normal area; VA, vacuolated area; M, medulla. Magnification: 40× (A), 100× (B), 200× (C, D).). The lesion contained two areas with high cell density: one in the subcapsular region and one adjacent to the medulla ([Fig. 1A](#fig_001){ref-type="fig"}). Both areas with high cell density consisted of cells with a spindle to polygonal shape, clear nucleus, and cytoplasm with an indistinct boundary, and the area adjacent to the medulla contained cells that were small with a round nucleus and acidophilic cytoplasm ([Fig. 1C and D](#fig_001){ref-type="fig"}). This high cell density area and the adrenal medulla were clearly compartmentalized by the fibrous capsule ([Fig. 1B](#fig_001){ref-type="fig"}). Careful observations revealed no continuity of the areas with high cell density between the medulla side and capsule side.

The Ki-67 index of the region with high cell density was nearly identical to that of the surrounding normal fasciculata cells ([Fig. 2A and B](#fig_002){ref-type="fig"}Fig. 2.Hematoxylin and eosin staining (A) and immunostaining for Ki-67 (B), steroidogenic factor-1 (SF-1) (C), nestin (D), chromogranin A (E), and neuronal nuclear antigen (NeuN) (F) of dysplasia in the adrenal gland. The Ki-67 index of the high cell density region was nearly identical to that of the surrounding normal fasciculata cells (A and B). The small cells with a round nucleus and acidophilic cytoplasm were positive for SF-1 and negative for nestin, whereas the cells with a spindle to polygonal shape, clear nucleus, and cytoplasm with an obscure boundary were positive for nestin and negative for SF-1, chromogranin A, and NeuN (C and F). Endothelial cells of the adrenal cortex were also weakly positive for nestin (D). M, medulla. Magnification: 200× (A--F).). Immunohistochemistry demonstrated that small cells with a round nucleus and acidophilic cytoplasm were positive for SF-1 and negative for nestin, whereas the cells with a spindle to polygonal shape, clear nuclei, and a cytoplasm with an obscure boundary were positive for nestin and negative for SF-1 in the region of high cell density on the medulla side ([Fig. 2C and D](#fig_002){ref-type="fig"}). Both types of cells were negative for chromogranin A and NeuN ([Fig. 2E and F](#fig_002){ref-type="fig"}). These results suggested that the small cells with a round nucleus were steroidogenic cells and that the cells with a spindle to polygonal shape and clear nucleus were immature neuronal cells.

The adrenal gland develops from two distinct cell populations^[@r5]^. The adrenal cortex is derived from the mesoderm and is formed from the coelomic epithelium close to the urogenital ridge as part of the adrenogenital primordium^[@r6]^. In rats, the adrenogenital primordium is formed at gestational day (GD) 11. At that time, it is positive for SF-1^[@r7]^. The primordial germ cells are transferred into the adrenogenital primordium at GD 12, and the primordium divides into the adrenal primordium and reproductive primordium at GD 12.5 to 13.5^[@r7]^. By GD 18, two cortical zones are distinguishable in the adrenal cortical analogue: an outer zone of small basophilic cells (future zona glomerulosa) and an inner zone of large pale cells (future zona fasciculata)^[@r6],[@r8]^. The adrenal medulla, which is derived from the ectoderm, is formed from the neural crest, and its transplantation into the adrenal primordium starts at GD 13.5^[@r6]^. These cells later differentiate into chromaffin cells that form a definite medulla. At GD 16, chromaffin cell nests are scattered in the adrenal gland and gradually move to the central part of the cortex^[@r9]^. At postnatal days 3 to 7, the medulla becomes a mass and differentiates from the cortex. Primary cells of the medulla differentiate either into chromaffin cells when induced by glucocorticoids or into neurons in the presence of nerve growth factors. There is no information available regarding the expression of nestin or NeuN in the differentiation stage of the adrenal medulla.

The cells with a spindle to polygonal shape and clear nucleus in the high cell density area were positive for nestin, a marker of immature neural cells, and negative for NeuN, a marker of mature neuronal cells. The expression of nervous system markers such as nestin and NeuN in the adrenal glands during the embryonic and postnatal stages is unknown, but these immunostaining results suggest that these cells are immature neural cells. In addition, because the small cells with round nuclei in the high cell density area were located in the adrenal gland and were morphologically similar to adrenal cortex cells and positive for SF-1, they were presumed to be adrenal cortex cells. These cells coexisted with immature nervous system cells that were positive for nestin, suggesting that they were immature adrenocortical cells. During the developmental stage of the rat adrenal gland, there is a period in which immature adrenal cortex cells are mixed with neural crest cells (future adrenal medulla cells), suggesting that the observed lesion was caused by developmental abnormality. When used as a term referring to malformation, dysplasia is defined as abnormal organization of cells into tissue and organs^[@r11]^, and therefore, this lesion was diagnosed as adrenal dysplasia. Since this lesion was composed of heterogeneous cells and their proliferative activity was low, neoplastic change was excluded. The cord structure of the fasciculata cells was disturbed, and cytoplasmic vacuolation, considered to be an accumulation of lipid droplets, was observed in the localized lesion. Consequently, the presence of an immature adrenocortical cell population might alter the blood flow and microenvironment in the normal adrenal cortex, resulting in accumulation of lipids, such as cholesterol, in the cytoplasm of adrenal cortex cells. This is presumed to trigger the formation of localized foci by mildly vacuolated adrenocortical cells surrounding immature adrenal cortex and neural cell populations.

We believe that this change also occurred under the condition of adrenal dysplasia in this rat. Since there have been no reports of dysplasia of the adrenal gland thus far, we believe that this report will provide useful information for toxicity evaluation of young rodents.
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